Introduction
In higher plants de novo fatty acid biosynthesis is located in the plastid compartment (Ohlrogge et al., 1985 ) (see Fig. 1 ). Starting from the C 2 unit acetyl-CoA, fatty acids of a chain length of up to C16 and C18 are formed. In plastids acetyl-CoA can be synthesized by the action of the enzyme acetyl-CoA synthetase (ACS), which forms acetylCoA from acetate, ATP and C oA by releasing acetyl-CoA, AM P and pyrophosphate. The ACS is exclusively located in the plastids of higher plants (Kuhn et al., 1981) . The plant ACS enzyme (EC 6.2.1.1) has been purified from spinach leaves (Zeiher and Randall, 1991) 
and etiolated radish seedlings (Golz and Lichtenthaler, 1993 a):
Besides the ACS there is another important acetyl-CoA-producing enzyme system present in plastids, the pyruvate dehydrogenase complex (pPDH C), which was first described in 1975 as being present in proplastids of Ricinus communis (Reid et al., 1975) . Since that time pPDHC activity has been found in various different plant species, for example chloroplasts of pea and maize (Wil liams and Randall, 1979; and other plants (Golz and Lichtenthaler, 1993 b) , as well as in non-green plastids of cauliflower (Journet and Douce, 1985) . The pPDHC is a large thiamine pyrophosphate-dependent multienzyme complex, consisting of three enzyme activities (pyruvate dehydrogenase EC 1.2.4.1, lipoate transacetylase EC 2.3.1.12 and dihydrolipoamide dehydrogenase EC 1.6.4.3), which catalyzes the overall reaction: Today there is still discussion about which en zyme supplies the major part of acetyl-CoA for 0939-5075/94/0700-0421 $ 06.00 © 1994 V erlag d e r Z eitsch rift für N aturforschung. All rights reserved. the different acetyl-CoA-consuming pathways within the chloroplasts: the ACS or the pPDHC (Fig. 1) (Fig. 2) . In contrast, no specific in hibitor had hitherto been described for the plastidic PDHC.
Acetylphosphinates We did not detect a significant incorporation of radiolabel from [14C]acetate or pyruvate into the ß-carotene fraction or other carotenoids under these conditions. The / 50 values were determined by a double re ciprocal plot in which the logarithm of the per centage of inhibition (P) per percentage of control (In (P/100 -P)) is plotted versus the logarithmic inhibitor concentration (log /). The regression of this plot is linear. At 50% inhibition, where In (P/100 -P) = 0, the log I50 is obtained.
Results and Discussion
Acetylmethylphosphinate (AM PI) inhibited the incorporation of [14C]pyruvate into the total fatty acid fraction of isolated oat chloroplasts as well as of isolated oat etioplasts. The inhibition was dosedependent in both cases and increased during pre incubation of the plastids with the inhibitor (Fig. 3  and 4) . The / 50 values of the 50% inhibition of [2-14C]pyruvate incorporation into fatty acids by AM PI, as determined with isolated etioplasts, were 10 | im without preincubation and 4.5 ^im after a 15 min preincubation time of plastids with the inhibitor (Fig. 3) . The ho values determined for oat chloroplasts were, however, much higher: 130 j.iM without preincubation and 80 [am after 15 min preincubation of the chloroplasts with AMPI (Fig. 3) . The / 50 values obtained for etio plasts are similar to those obtained for acetyl methylphosphinate in the case of the m itochon drial PDH C of pea, where an / 50 value of 10 |im after a 10 min preincubation had been determined (Baillie et al., 1986) . This is similar to the value of 4.5 [im after 15 min of preincubation presented here for the inhibition of fatty acid biosynthesis in isolated etioplasts of oat.
These results described here demonstrate that both the plastidic and the mitochondrial PDHC are sensitive to acetylmethylphosphinate. The in hibition seems to be specific for the m PDHC and pPDHC. The incorporation of [14C]acetate into the total fatty acids by etioplasts or chloroplasts was not inhibited by AM PI, demonstrating that neither the enzymes ACS or the ACC nor the en zyme activities of the fatty acid synthetase (FAS) were affected by AMPI (cfi Fig. 1) .
During greening of the oat seedlings and the formation of etio-chloroplasts and chloroplasts the activity of the pPDH C declined, as was seen by a considerable decrease of the incorporation of [14C]pyruvate into the fatty acid fraction of the controls (Fig. 5) . The reason for this decline in pPDH C activity is not clear but must be seen in context to the increase in the ACS activity during greening (see below). At the same time the [14C]pyruvate incorporation into fatty acids by a 10 jam AM PI concentration decreased from 75.3% in etioplasts to only 25% in isolated chloroplasts (Fig. 5) . One may assume that the lower amounts of pPD H C activity, which still can be detected in chloroplasts after the com pletion of the thylakoid biogenesis phase, consists of aged and partially de graded pPDH C, which still can bind the inhibitor AM PI, but is no longer physiologically active. One could also assume that in chloroplasts an isoform of the pPD H C complex shows up, which is less sensitive to the inhibitor AMPI. Further experi ments with the isolated pPDH C complex to clarify this point are a matter of current research.
A comparison of the incorporation of [14C]-pyruvate relative to that of [14C]acetate into the fatty acid fraction of plastids revealed that isolated etioplasts incorporated a 9.5-fold higher amount of pyruvate than acetate into total fatty acids, whereas in isolated chloroplasts the use of pyru vate for de novo fatty acid biosynthesis was much lower than that of acetate (Fig. 6) . This indicates that chloroplasts prefer acetate for de novo fatty acid biosynthesis, whereas etioplasts make a much better use of pyruvate than acetate. One physio logical reason for this change in substrate use for de novo fatty acid biosynthesis may lie in the fact that etioplasts, which have no energy or reduction equivalents from photosynthetic reactions, need the N A D (P )H , which is formed besides acetyl-C oA by the activity of the pPDHC, for the etioplasts etio-chloroplasts chloroplasts Park, 1963) , the form ation of which req u ires a highly efficient fatty acid biosynthesis. In solution pyruvate is not com pletely stable (von Korff, 1969) and the radiolabel of [2-14C]-pyruvate yields small am ounts of [2-14C ] acetate. These will also be used for de n o vo fatty acid b io synthesis via the enzym e ACS. In o u r [2-14C]pyruvate solution only 2 to 3% of the radio lab el was present in the form of [14C ]acetate as d eterm in ed via a yeast ACS test system . T hese low am ounts did not, how ever, affect o u r results on the in h i bition of [2-14C ]pyruvate in co rp o ratio n into total fatty acids by the p P D H C inhib ito r A M P I, as was proved by studying the in co rp o ratio n of [14C]pyruvate into the fatty acid fraction in th e presence of 50 [iM ethyl-A M P, a specific inh ib ito r of plas tidic ACS (G olz and L ichtenthaler, 1992) . F u rth e r more, in the case of oat etioplasts the inhibition of 14C-label from pyruvate into fatty acids by A M P I did not increase upon ad dition of the ACS inhibi tor ethyl-AM P.
In intact plant tissue the acetate for de n o vo fatty acid biosynthesis in plastids (chloroplasts) com es from m itochondrial acetyl-C oA which is hydrolyzed by the m itochondrial enzym e acetyl-C oA hydrolase (M urphy and Stumpf, 1981; L ied vogel and Stumpf, 1982) . A cetate passes biom em branes very easily, w hereas acetyl-C oA cannot en ter the plastid (B rooks and Stumpf, 1966; Jacob son and Stumpf, 1972) . Theoretically one could consider that a contam ination of the isolated plastid fraction by m itochondria and the m ito chondrial P D H C could transfer the applied [2-14C ]pyruvate to [2-14C ]acetyl-C oA , which after hydrolysis to [2-14C ] acetate could e n te r the plastid by diffusion and be used in de n o vo fatty acid b io synthesis. If this would occur the inhibitor ethyl-A M P should inhibit the incorporation of [2-14C]-pyruvate into fatty acids in isolated etioplasts. T hat ethyl-A M P had no effect d em onstrated th at the very low I50 value found for A M PI (5.5 ^im) in iso lated oat etioplasts was obtained w ithout a co n tam ination of the plastid prep aratio n with m itochondria.
In the case of isolated oat chloroplasts, the ad dition of the ACS inhibitor ethyl-adenylate led, how ever, to a small decrease (ca. 10% ) in the inhi bition by A M PI of the [14C ]pyruvate in co rp o ra tion into the total fatty acid fraction. This may be due to the fact that in isolated oat chloroplasts [I4C ]acetate is incorporated into fatty acids ( via ACS) in a 3-fold higher rate th an [14C ]pyruvate (via pP D H C ). A s a consequence a small contam i nation by [14C ]acetate of the [14C ]pyruvate of 2 to 3% should be detectable in the case of chlo roplasts. We assum e that also the isolated chloro plasts, which had been w ashed twice with the isolation buffer, w ere not contam inated by m ito chondria or m PD H C .
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